IMPORTANCE Despite the ease of preoperative anemia diagnosis and the availability of treatment options, the morbidity and mortality associated with this condition remain unacceptably high, and the literature describing the association of preoperative anemia with postoperative outcomes following thyroid surgery in patients with thyroid cancer remain sparse. Reporting outcomes in this patient population may help to facilitate preoperative optimization.
A nemia is the most common hematologic condition in the preoperative setting and is often caused by underlying comorbidities. 1, 2 The association of preoperative anemia with postoperative morbidity and mortality has been well described across various surgical specialties. [3] [4] [5] [6] [7] Despite the ease of diagnosis and availability of treatment options, the morbidity and mortality associated with preoperative anemia remain unacceptably high. Although the association of preoperative anemia with postoperative outcomes has been well described within diverse populations, the literature on the association of preoperative anemia with outcomes following thyroid surgery in patients with thyroid cancer remains sparse. In the United States, the lifetime risk of thyroid cancer is only 1.2%; however, the incidence has steadily increased every year, which may be attributable to advanced detection technologies. 8 The National Cancer Institute stated that the incidence and mortality rates of thyroid cancer increased from 2005 to 2014 by an average of 3.8% and 0.7% per year, respectively. 9 Not surprisingly, preoperative anemia is a strong indicator for perioperative blood transfusion. 3, 10, 11 Moreover, several studies have shown that perioperative blood transfusions are associated with poor prognosis and complications following surgery for head and neck cancer. 10, 12, 13 Although studies in head and neck cancer have shown an association of perioperative blood transfusion with postoperative outcomes, the association of preoperative anemia with outcomes following thyroidectomy remains poorly defined. In a multivariable Surveillance, Epidemiology, and End Result database analysis, older age, a Charlson-Deyo comorbidity score of 2 or higher, and regional or distant disease were predictors of postoperative morbidity and mortality following surgery for thyroid cancer. 14 To our knowledge, no study has assessed the relationship between preoperative anemia and postoperative 30-day morbidity and mortality in the context of thyroid surgery among patients with thyroid cancer. Therefore, we aimed to use the American College of Surgeons National Surgical Quality Improvement Program (NSQIP) database to identify whether such an association exists in adult patients with thyroid cancer following thyroidectomy. We hypothesize that among patients with thyroid cancer who undergo thyroidectomy, preoperative anemia is an independent risk factor associated with postoperative 30-day morbidity and mortality.
Methods

Data Collection and Study Population
Data were obtained from the publicly available NSQIP multicenter data set for the years 2007 to 2016. 15 This database contains several variables, including preoperative risk factors and 30-day postoperative outcomes, from more than 200 participating hospitals for patients undergoing surgical procedures. A site-specific surgical clinical reviewer collects the data from medical charts. The NSQIP database undergoes an 8-day cycle sampling process, developed to ensure that cases have an equal chance of being selected from each day of the week. This study was exempt from University of California, San Diego, Institutional Review Board approval. The NSQIP database is deidentified and therefore meets the criteria of the Health Insurance Portability and Accountability Act to protect personal information; thus, this study was exempted by the same institutional review board from the need to obtain informed patient consent. We used the following Current Procedural Terminology codes to identify patients who underwent thyroid surgical procedures: 60210 (unilateral partial thyroid lobectomy), 60212 (unilateral partial thyroid lobectomy with contralateral subtotal lobectomy), 60220 (unilateral total thyroid lobectomy), 60225 (unilateral total thyroid lobectomy with contralateral subtotal lobectomy), 60240 (total thyroidectomy), 60252 (thyroidectomy for malignancy with limited neck dissection), 60254 (thyroidectomy for malignancy with radical neck dissection), 60260 (thyroidectomy for removal of all remaining tissue), 60270 (thyroidectomy, including substernal thyroid, transthoracic approach), and 60271 (thyroidectomy, including substernal thyroid, cervical approach). 16 We used the International Classification of Diseases, Ninth Revision code 193.0 to identify patients with malignant thyroid cancer. 17 This retrospective analysis adheres to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline for crosssectional studies. 18 In this retrospective cohort study, our primary exposure variable was preoperative anemia, defined based on the World Health Organization definitions of hematocrit less than 39% in males and less than 36% in nonpregnant females (to convert to a proportion of 1, multiply by 0.01). Data for potential confounding demographic variables were collected and included sex (male or female), race (white, black, Asian, Native American or Alaska Native, Native Hawaiian or Pacific Islander, or unknown), age, and body mass index (calculated as weight in kilograms divided by height in meters squared) and classified using World Health Organization criteria (underweight, <18.5; normal weight, 18.5-24.99; overweight, ≥25 and ≤29.99; or obese, ≥30). We also adjusted for the following preoperative comorbidities: functional status, steroid use (ie, requiring oral or parenteral corticosteroids 30 days prior to the surgical procedure), surgery type (ie, inpatient vs outpatient), history of congestive of heart failure, bleeding disorder, disseminated cancer, smoking history (ie, smoked cigarettes within the year prior to surgery), American Society of
Key Points
Question Does an association exist between preoperative anemia and morbidity or mortality after thyroidectomy in adults with thyroid cancer?
Findings This cross-sectional cohort study used the American College of Surgeons National Surgical Quality Improvement Program database to identify 24 912 patients with thyroid cancer who underwent thyroidectomy. Compared with patients without preoperative anemia, those with preoperative anemia had an increase in postoperative 30-day overall morbidity (1.7-fold) and mortality (3-fold).
Meaning For adult patients with thyroid cancer, optimization of anemia prior to thyroidectomy may be warranted.
Anesthesiologists Physical Status (ASA PS) classification, history of chronic obstructive pulmonary disease, chemotherapy, radiotherapy, and perioperative red blood cell transfusion. Finally, we adjusted for type of thyroidectomy.
We evaluated the association of preoperative anemia on the following 30-day postoperative outcomes: overall morbidity, serious morbidity, pulmonary complications, infectious complications, renal complications, vascular complications, neurologic complications, wound dehiscence (ie, complete disruption of surgical site compromising the integrity of procedure), cardiac complications, prolonged hospital length of stay (≥75th percentile for the cohort), reoperation (ie, return to the operating room for any reason within 30 days of thyroid surgery), and mortality. In brief, we defined overall morbidity as sepsis, septic shock, deep venous thrombosis requiring therapy, pulmonary embolism, cerebrovascular accident, myocardial infarction, cardiac arrest requiring cardiopulmonary resuscitation, progressive renal insufficiency, acute renal failure, urinary tract infection, reintubation, ventilator dependence, pneumonia, wound infection, wound disruption, organ space surgical site infection, or superficial surgical site infection. We defined serious morbidity as organ space surgical site infection, wound disruption, cerebrovascular accident, myocardial infarction, cardiac arrest requiring cardiopulmonary resuscitation, pulmonary embolism, ventilator dependence, progressive renal insufficiency, acute renal failure, sepsis, or septic shock. Pulmonary complications were defined as pneumonia, unplanned reintubation, or prolonged ventilator use (ie, more than 48 hours). Infectious complications were defined as superficial incisional surgical site infection, wound infection, organ space infection, sepsis, or septic shock. Renal complications were defined as urinary tract infection, progressive renal insufficiency, or acute renal failure. Pulmonary embolism and deep venous thrombosis defined vascular complications. Cardiac complications were defined as myocardial infarction and cardiopulmonary resuscitation. The NSQIP participant user data file contains detailed information of all the variables used in this study. 15 
Statistical Analysis
The software environment for statistical computing, R (version 3.3.2), was used to perform all statistical analysis. We used the tableone package and library in R to generate frequency tables of anemia cohorts. A univariable logistic regression analysis was performed to evaluate the association of demographic variables, preoperative comorbidities, intraoperative variables, and postoperative outcomes with anemia. A multivariable logistic regression was performed to evaluate the association of preoperative anemia with outcomes of interest while also controlling for demographic variables, preoperative comorbidities, and intraoperative variables (discussed above). For the final model, an interaction term for preoperative anemia and perioperative transfusion was forced into the model. This interaction term was included as a secondary aim of our analysis to assess the association between preoperative anemia and perioperative transfusion needs with surgical outcomes (ie, overall and serious morbidity, prolonged hospital length of stay, mortality, and pulmonary, infectious, and cardiac complications). A 2-tailed significance level was set at P ≤ .05. The odds ratio (OR) with associated 95% CI is reported for each covariate.
Results
Of the 32 166 patients in the NSQIP database with thyroid cancer who underwent thyroid surgery from 2007 to 2016, 24 912 were included in the analysis. We excluded 7254 cases (22.5%) from the analysis owing to missing values; all of these cases were missing preoperative hematocrit values. The prevalence of preoperative anemia was 12.5% (n = 3108). Table 1 gives the distribution of patient demographic and clinical characteristics. Among the overall study population, the median (interquartile range) age was 51 (40-62) years. Women (18 705, 75 .1%) represented the majority of the study population. Approximately one-third of the patients (n = 7365) had an ASA PS classification of 3 or higher (a patient with at least severe systemic disease). Most patients underwent total thyroidectomy (10 765, 43.2%) or total thyroidectomy with neck dissection (7378, 29.6%). The unadjusted odds of preoperative anemia were significantly higher for several demographic variables and preoperative clinical conditions ( Table 1 ). The unadjusted odds of anemia vs no anemia were significantly higher for every 10-year increase in age (OR, 1.10; 95% CI, 1.08-1. Table 2) . Table 3 gives the results of multivariable logistic regression analysis. All models were adjusted for race, body mass index, age, sex, chronic obstructive pulmonary disease, congestive heart failure, preoperative transfusion, bleeding disorder, functional status, active smoking, disseminated cancer, steroid use, ASA PS classification, chemotherapy, radiotherapy, work relative value units, thyroid surgery, and surgery type (ie, inpatient vs outpatient). The adjusted odds of postoperative overall morbidity (OR, 1.68; 95% CI, 1.29-2.17), mortality (OR, 3.36; 95% CI, 1.37-8.28), or pulmonary (OR, 2.36; 95% CI, 1.65-3.34), or infectious (OR, 1.62; 95% CI, 1.12-2.29) complications were higher in patients with rather than without preoperative anemia. After adjustment, postoperative cardiac complications were twice as likely in patients with preoperative anemia (OR, 2.08; 95% CI, 0.75-5.37), and prolonged hospital length of stay of 1 or more days (OR, 1.14; 95% CI, 0.98-1.33) was also more likely in patients with anemia although the imprecision of the estimates as defined by the width of the 95% CIs and inclusion of the null value prevents definitive conclusions. The interaction between preoperative anemia and perioperative red blood cell transfusion for all surgical outcomes (ie, overall and serious morbidity, prolonged hospital length of stay, mortality, and pulmonary, infectious, and cardiac complications) was nonsignificant (all P > .05). (to convert hematocrit to a proportion of 1, multiple by 0.01). b Odds ratio for age represents 10-y increases in age.
c A score between 1 to 6 represents the patient's health status, which helps to predict operative risk. The higher the score the greater the disease burden and operative risk.
Discussion
In this cross-sectional analysis of NSQIP data, we showed a 12.5% prevalence of preoperative anemia among patients with thyroid cancer who underwent thyroidectomy. After adjusting for demographic factors, comorbidities, and perioperative blood transfusion, our multivariable analysis identified increased odds of overall and serious morbidity, pulmonary and infectious complications, and mortality in patients with anemia. Furthermore, the association of preoperative anemia with postoperative outcomes for patients receiving perioperative transfusion vs those who did was not significant. To our knowledge, this is the first study using a surgical outcomes database to identify the association of preoperative anemia and 30-day postoperative adverse events in this surgical population. The prevalence of preoperative anemia was high despite the ease of preoperative diagnosis and several treatment options. Further preoperative screening, anemia optimization, and patient-centered education are needed. The 4 main types of thyroid cancer, that is, papillary, follicular, medullary, and anaplastic carcinoma, represent 96.5% of all thyroid cancers. 8, 9 Per the National Cancer Institute, since 1975 the incidence of thyroid cancer has been on the rise. 9 Data from the National Cancer Institute suggest that the incidence rose from 4.9 per 100 000 persons in 1975 to 14.3 per 100 000 persons in 2009. 9 It is well established that thyroid cancer is not only 2 to 3 times more common in women but that the incidence is also higher among Asian and white individuals than in black and Native American individuals. The standard of care for thyroid cancer is thyroidectomy, and population-based data have been used to report perioperative complications. In a retrospective study using Surveillance, Epidemiology, and End Result data, of the patients who underwent thyroid surgery, 6.5% developed postoperative complications (ie, pneumonia, emergency intubation, tracheostomy, myocardial infarction, pulmonary embolism, deep venous thrombosis, fever, infection, or hemorrhage or hematoma) and 12.3% developed thyroid surgery-specific complications (ie, hypocalcemia or hypoparathyroidism and vocal cord or vocal fold paralysis).
14 Despite an overall 5-year survival rate of 98.1%, general-and thyroid surgery-specific complication rates remain high and further preoperative rehabilitation is warranted. 9 Preoperative anemia was traditionally treated with allogenic transfusion; however, blood supply shortages coupled with the increased risk of morbidity and mortality associated with transfusion has called for alternative management strategies. In a retrospective observational study assessing the association of preoperative anemia and transfusion in approximately 1 million patients who underwent noncardiac surgical procedures, it was shown that patients without anemia who did not receive a transfusion had a 0.2% mortality rate, whereas patients with preoperative anemia who received a transfusion had an 5.4% mortality rate. 19 Considering the risks associated with perioperative transfusion, patient-centered management strategies have emerged to correct perioperative anemia, such as the 3-pronged approach of optimizing red blood cell mass, reducing perioperative blood loss, and increasing the physiological tolerance of preoperative anemia. 20 Autologous transfusions, iron replacement therapy, and erythropoiesis-stimulating agents have more recently been considered in the treatment of preoperative anemia. 21 Considering the negative contribution of transfusion to outcomes, prior to surgery, the severity and underlying cause of anemia should be evaluated and correction should be considered when possible; however, potential corrections must be weighed against showed that preoperative transfusion is associated with pharyngocutaneous fistula. Such findings demonstrate that preoperative anemia, reflected in the need for preoperative transfusion, likely represents either the degree of nutritional impairment or the comorbidity burden, both of which are also independently associated with impaired wound healing and postoperative morbidity. Studies across surgical disciplines have shown preoperative anemia to be predictive of increased morbidity and mortality. [24] [25] [26] [27] [28] [29] Phan et al 30 conducted a retrospective study evaluating preoperative anemia with outcomes in 473 patients undergoing cervical spine surgery. They found that preoperative anemia is associated with higher comorbidity burden (ie, diabetes, dependent functional status, or an ASA PS classification ≥3), postoperative morbidity (ie, pulmonary complications, blood transfusion, reoperation, readmission, or extended hospital length of stay), and mortality. Other studies in patients who underwent cardiac surgery have shown preoperative anemia to be associated with higher rates of inpatient death, longer intensive care unit stays, and extended postoperative hospital length of stay.
31
Similarly, in their evaluation of preoperative anemia with postoperative outcomes, Saager et al 32 have shown that patients with preoperative anemia undergoing noncardiac surgery are 24% more likely to experience 30-day mortality. Often, patients who have received a diagnosis of cancer are unable to undergo optimal preoperative rehabilitation. The benefits of optimizing anemia vs the risks associated with waiting to remove the cancer need to be weighed.
Limitations
Although the NSQIP database is an excellent resource for surgical outcome studies, there are limitations to the present NSQIP data analysis. The NSQIP database does not include several important perioperative variables that would enable more robust evaluation of preoperative anemia and 30-day postoperative outcomes, such as the date of preoperative anemia diagnosis, volume of red blood cells transfused, perioperative fluid administration, and administration of iron replacement therapy or erythropoiesis-stimulating agents. The NSQIP data set is a large prospective outcome-oriented database in which granular information may not be obtained; therefore, we were unable to determine whether outcomes evaluated in this study were secondary to surgery-and anesthetic-specific causes or to the patient's medical comorbidity burden. Because the NSQIP database primarily provides surgical outcomes, other important clinical data relevant to thyroid cancer are not available, such as cancer type and stage. The retrospective nature of the study design introduces limitations and may compromise the generalizability of our results. Registry with the NSQIP database is voluntary, with program demands that may limit the participation of hospitals, ultimately reducing the generalizability of the data. The NSQIP database does not include information on other comorbidities that may influence outcomes assessed in our study. Finally, the NSQIP database does not include surgeon or anesthesiologist clinical experience and hospital volume.
Conclusions
To our knowledge, this is the first population-based study to evaluate the association of preoperative anemia and 30-day postoperative outcomes in patients with thyroid cancer who underwent thyroid surgery. After controlling for potential confounders, we showed that preoperative anemia was associated with several postoperative outcomes (ie, morbidity, mortality, and pulmonary and infectious complications). These results provide a strong basis for further risk reduction strategies and program implementation. Role of the Funder/Sponsor: The funders/ sponsors had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; or the decision to submit the manuscript for publication.
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